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AN INSTRUMENT FOR MEASUREMENT OF Pu CONCENTRATION AND ISOTOPICS
OF PRODUCT SGLUTIONS AT TOKAI-MURA

L. R. Cowder, S.-T. Hsue, S. S. Johnson, J. L. Parker, P, A. Russo, J. K. Sprinkle, Jr.
L35 Alarms Sclentlflc Laboratory, Los Alams, N,M., 87545, U.S.’{,

and Y. Asakura, T, Fukuda, 1. Kondr
Power F!eactor and Nuclear Fuel Development Corporatlrm, Tukal-mJra, Japan

Abstract

Rapid analysis of product 501UtiOnS fOr
plutonium concentrations and isotopic dis.trl-
butions is acccq31ished by a new instrument
currently installed at the reprocesslr,g plant
in Tokai-mura, Japen. Better than half-percent
measurements of the Pu ~oncentration arc
obtained Lry K-edge densitomecry for concentra-
tions L250 g Pu/E in st~rt count tlmeso
Isotopic fractions are determined with an
accuracy of one percent or better M an
additional %rninute passive count.

1. Introduction

A new instrument based on game-ray
nondestructive analytical techniques is under-
going testing and evaluation for plutonium
product solution measurements at the Tokai-mura
reprocessing faclllty. The Los Alamus
~ientific Laboratory (LASL)-desigr!ed instrument
was developed for plant operations under the
TASTEX program. Performance capabllit!es
determined by preliminary testing at LASLhave
recently been confirmed by the product solutior
measurements at Tokai-mura, The testing and
evaluation has been 3 collaborative effort of
the Power Reactor and Nuclear Fuel Development
Corporation (PNC) and LIISL,

The instrurmsnt design is reviewed briefly.
p~elirnlnary calibration results from LA5L al?d
Tokai-mura are summarized and c~ored with
results

The
beneath
sanmles

frcm the first reprocessing cempalqn,

2. Instrument Desiqn

Tokai.mura instrument operates off-line
the glove boK to which process Solutim
are c)neumatically transported. K-edge

denkitnmt’try detcrm!nes ‘the concentration ~f
plutoniun in solution. The instrument uses
121.1- and 122,1-keV gamma rays from 7%e and
57C0 radloisot~ic sourcas, respectively, to
obtain two transmission measurements at these
energies willth bracket the plutonium K-edge,
Tk sourcus with a~roprlate Collimators are
positioned sel,Jentielly for measurenwnts in the
transmlss,trm geometry by H motor-driven Geneva
mechanism, Cams radiation 1s detected and
analyzed hy a hl@-resolution spectrometer that
uses a thin olanar intrlnslc

r
rmanlm crystal,

Except for sample position ng, the enelysis
procedure 1s ent!rely automated and under
corputer contrul.

The arranglnent of equlp+rent beneath the
glove box is show schematically in Fig, 1,
The counting well !% en extension from thr bas~
of the glove box, Solution sa~lrs in
disposable vials ore positioned In the well in
tP.s transmission path, The concept of the
tran%misslcm measur~llt 1S shown In Fig. 2,

●LO.# me. . .
Mm” . ..., II

.— )

Fig 1, Schemat,
extending below
box.

M*S-s,

‘ JA__ u 6,-O” ,,”,,

c view of measurement station
and positioned beneath glove

Fig, 2. ~o~e~tual view of measurement configu-
ration, TFe sample is shown between the source
(75CJD: Jn this care) and the collimator in
the detector line of sight. Sources and colli-
mators are mounted on separate wheels drl~en
synchronously.

which illustrates the basic’ mSChanlCHl
components.

An additional option in the Ine@suremcnt 15
FI coq21ete plutonium isotopics analysi%. 11
passive cwnt. cm be performed with widt?-o’rn
sample-to-detector collimation u~lng a rrwh&rll-
cal positionlrq such that both sources err
remved from the trensmlsslon gecwnctry and
shlelcled from the detector. (Refer to~ig. 2.)
Self-attenuatlrm effects on the passive gnnwnti
rays are importnnt becnuse nf the relatively
large SW@? t,hlcknesses @0,5 g Pu/cm~).
Currectlr)n factors for self-attenuation art
determined ml applled to the measured peak
$):ns

f and ~J%kI, respectively.
al 12 , 149, and 15 kev corresponding tn

l%, 2.>pu,
The determination of the corrcctlnn fnclors
involvfw the interpolation of measured trnns-
mlsslons Or several gansna rays frcxn 7%e nnd
~7CrI t.11 th~ three energ!es of the pas~lvc
assay penks, The interpolntert trnnsmlssions
are used to rh!tcrrnine the correction fartors by
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a tmtm ~ cbmtrmtad in exi3ting in9trumn-
totim.

‘T
lou-erwgy regkm is used for

umlYsis Of _ d rOr a ~ate cbtermi-
Wtim of 23%. TM sssay gmmm rays sre at
43 m 45 kev, M9pectivelyo The $elr-atten.El-
tim aff=ts are imorlmated into relative

&
efflc y mmurefrants based M peak areas of

~ray llWS at 39 and 51 kei.
~ 24% fimtim, witi ~mt w ~termi~
b m-rv Ptro$c@y, is evmluet~ by
isotqic correlatlcm tectmlq-ms. The isotoplcs
mdysis uses cmly ratios of closely -spK9d peak
moms so thet the maaurmmt 1s insensitive to
CIMting xtry crd nbsolute cbtectim
efficiency.

The equ:p’rmnt ●t th rmm.rramnt staticm
bath the glme box is sW] in a plwtqraph
rqmciu~ in Fig. 3. TlwEentire ass*ly of
equifxnem for this instrument appears in Fig. 4.

Tlm electrmlcs rwk (left) MCIhardcopy termi-
nal are located in emther portlm of tlm roan.

Wre details of the lnstrumnt *SIW at-d
meane~j , principles we @Jlished

,)

3. Results

Calibration of the Dansikm8ster

Well-ctunacterlzed plutomiun sulutims were
u:ti 0; refererce rmterlals for preliminary
callbratim of the de~liltawier at .ASL,
Plutcmiun cormntratlans va ied between L50 and
Xl g per liter, ~ 24&u lsotqd.c cm+ent
of the solutlcm was 15 pmcent altho@ the
calibraticm was also verlfled with solutions of
lm-burnup mterlal. Figure 5 shows the results
plotted fcr each rruasuremnt as the pe;cent
devlatim tran the man calibratlcm parameter.
The one-half percent error bars QTowirq the
calculated stat lstical mertainty (:lu) in each
measurement are consistent with the scatter in
the data.

The long-term stability of the densitcmetry
callbratlcm is demonstrated by repeated
fruasurements of a wcondqry standerd plutonium
Toll with m thickness equivalent to that of the
solutions nwasured by the instrmmt. Figure 6

Fig. Y, A close-q view of th@ ~a9UrOmOnt Well
u-id intrirmlc ~rmnium detector tmfore
installntlcm at TMsl-mura.

Fig, 5. Ralults of the dermitmtcr cailbreticn
at L&. M9amuremtnt9 *er? performed with
Well-characterized solutions of hich-burmo .
plutoniun,
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Flg. 6, FO1l rowlts cbtarmlmd by donoltmtri’
tiring a 4-* tott mrlud at 1.P5L0



is a plot of the foil data obtained during a
me-mmth period at LASL. Ths scatter in the
foil assay agrees with the statistical predic-
tion. No biases were observed to appear over a
measurementperiod of several months. The foil
assay is a daily measurement control requirement
for routine operation of the densitometer.

Tk! densitcsneter was calibrated at
Tokei-mura .tn October 1979 just after installa-
tion. The calibration results are shown in
Fig. 7. Plottsd versus plutoniun concentration
are the percentage differences between the
densitmetry measurement eti the analytical
chemistry referame value used to establish the
calibration. The error bars reflect the
stat.tsticel prackim &la) in the dmsltometry
assaj. The anaiytdcal chemistry pracisim is
approximately @J= or minus one-half percent.
~he observed scatter of this magnitude is
cmsistent with the cnnbined pracisions. Ttv.?
densitometer data were obtained in MOO-s count
times

wmtmum~u~
1- 2

Fi .
1

7. Resdts of densitometer mmasuraments of
re erence solutions nt Tokal-mura. WFreshllah
“aged” correspond to two weeks and m year:
raspectlvel , after mericiun sapsration.

[preclahn 1u) in these data is approximately
one-half percent.

TABLE I
PRECISIUWIN ISOTOPICFWTIONS

FORHICI+-91JRW(MX 24%) REFERENCESN4PLES

~
merlciun

u Isotope

238

239

240

241

242

100 100 1000
la (calc$ ) Calculated

T
A!u?!sL~ Prec

1.2 O*9

1,0 0.45

1.2 1.0

O*7 0.9

● I ●

:JI&l %

1*2

0.45

1.3

0.9

● 3
la

103

0.4

1,5

0.9

●

based ISX archival hotc@ca data.
pr~r:m derived fran the data base la -%

Isotopics Calibration

Table I shows the results of the isotopics
caMbration at LASLusing the 15 percent 24%
solutions. Reference values ware the mess
s-t roacopic results. Colum 2 compares the
average calcuMed measurement precfsion with
the experimental scatter in the Wei@t fractions
for each isotope. The results are close to
unity indicating no si@ficant contributions
to the measurement preCiSiOfI beyond the statis-
tical contributions. The measurements were
performed within several days of the anaricium
separation so that the 24% content was about
100 ppm.

As the solutions a
r

and 24% grows in,
the statistical uncerta nty in the resul:s for
the even isotopes increases. Oata obtained wIth
:$lesame so;:lu after aging are shown in

I, 4 and 5, the latter
Corrgspondlng to a 2-month
high-burnup material. Si~e the ?!~& ~~~en~
of spent fuel varies with burnup, the ef feet of
24%In at a given agi~ the will vary with

!/
Passive measurements of 15 percent

~$~ “material are feasible for aging times
w to about 6 months.

The calibration for isotoplcs is primarily
a measurement of ralative detection efficiencies
of gamma rays closely spaced in energy. The
measurement control procedl ‘re which verifies
the long-term stability of the isotoplcs cali-
bration 1s the determination of the relative
ef ficlsncy of the 121- and N56-kev gamma rays
frcnn the 75Se source in the absence of a
sample. This msnsuramant is parformed daily
during the no-sample counting of the trans-
mission sources.

4 verification of the isotopics i!nlibratlon
was performed at Tokai-mra in October 1979
using a single mess spectroscopic determin8tlor,
as a reference value. The precision for the
laotoplcs analysis determined at this time were
in agreement with those measuredat LASL.

Process solut~.on Measurements

Oensltonwtr
/’

rasulta were obtained from
measurements o stven process 8olutlon sariples
during tha cmpalgn in November and 9ace?ber
1979. The rasults wera c~rad with ●nalytich!
CfWdatry IWaWlrSmSnt8 of these su@es. The
precision in the percentage difrerancasbetween
demitowatr and chemistry la m-half percentr(lu),COINatent with the COMned praclalon
for these danaitmstry and chemistr determino-
th)ns . !A positive bias of one-hal percent in
the avarage dlfferenca lndlcatac a shift in
vertical poaltioning of the disposable (taparad
width) serrpla cells. The shift la probab;,y
causad by ● change in vertical poaltiti of tha
plaatlc Mrnr in the well, ma liner 18
normlly cl-d rl idly in placa.

?wmamramant o the calibrated &t%;U
foil will monitor my futuroohsnge lnpoaltion,
llowevar, the foil wea not ●vallabla at
Tokal-mura untU January1900,

Iaotopica data were @telned with flvo
fmutdy separated procaaa aolutlona covml~ma
range of Mm bump. The flva maas

Tacopic determlnathna ware used to .s ablish



mxrrate callbrat!m paruristms. The results
with th rm parmneters are shcm for eaci7
ls.otcpe in Ttile II. ThO precision is ckte~ -
a.ind by rqmated
The eccuracy for mH%otO’&%h E::e
of a psslble mm 23? contaminant in the F,mss
spectroscmlc measurement.

TMJ_E11
SLMWRYW 193TWIC5 RESUTS

F&/ FIVE -T SOLUTIONSMIES

L=--,=,=.-
Averqe lMvlatlcm (%)

Ill
sot

I 236 --- 3.9 I
I 239 4.08:0.21 :0.2 I
I 2413 -0.14 : C.51 +0.7 I
I 241 0.04 ~ 0.93 $,6 I

scatter (10) in
atlon deteurlrud for each of the five sa~les

4. Conclusions

Prellmln.sry det~ ciemnstrate the precislons
that cm bs S.&dew in rapid, nordest. ructike
assays of prtit solutions for total plutonlun
and isotoplcs, Cmtiwed evaluation 1s neces-
sary t: v ?rlfy the lo~-term st~billty of tlw
callbrat n ). The in-line per formame of an

imtrtmnt of sim.llar desiq is swn ,to be
evalb.ated at the Savafnah River Plant. J The
curblned results of these ir+plant evaluations
should provide new in frmnatlon cm safe~ards -
c~bilitles for tQA in reprocessing,
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FlgUreCSptbS

1. Schematic view of measurement station
extending below and positioned beneath
glove box.

2. Conceptual view of measmsmnt
configuration. The sample is shown between
the source (755s, in this case) afti the
coli imator in the detector line of sight.
!jourccs and collimators. are mounted on
separate wheels driven synchronously.

3. A close-up view of the measurement well and
intrinsic germaniun detector before
installation at Tokai-mura.

4. Conplete K-edge densitometer including
computex, multichannel analyzer CRTand NIM
electronics (electronics rack at left),
hardcopy terminal (centerj, and maasuremnt
stetion equipment (right), before
installation at Tokai-mura.

5. Results of the densitometer calibration at
LA%. Measurements were performed with
well-characterized solutions of high-btirnup
plutonium.

6. Foil results determined by densitometry
durirg a4-week test period at LAS(..

7. Results of densitometer measurements of
re~erence SOlutiOns at Tokai-mura. WFreshl!
and “aged” correspond to two weeks and one
year, respectively, after americio
separation. The precision (lo) in these
data is approximately one-half percent.


